This study compared a number of semen parameters of two separate groups of the common marmoset monkey (Callithrix jacchus) in order to determine the effect of a continuous potentially stressful situation on these parameters, and thus on the monkey's reproductive ability. The semen from 16 adult male marmoset monkeys was collected and analysed to compare semen parameters between a 'normal' (control) group (n = 9) and a 'blood withdrawn' ('stress') group (n = 7). The semen parameter values observed in the control were: pH 7.51 ± 0.22, volume 403. ± 27.2 \ll, concentration 273 ± U.SXl0*/\H, motility 47.4 ± 15.9%, grade of velocity 3.5 ± 1.2, and normal morphological forms 51.8 ± 13.7%. The 'blood withdrawn' group of marmoset monkeys showed significantly lower semen volume and sperm concentration than the 'normal' group. In addition, total count of spermatozoa, normal spermatozoa, motile spermatozoa and normal motile spermatozoa per ejaculate per monkey was significantly reduced in the 'blood withdrawn' group. The semen of these monkeys also revealed a significantly higher percentage of abnormally-shaped sperm heads than the normal group, and cases of impotence and sham ejaculation were recorded. Our study revealed that the continuous withdrawal of a small volume of blood from a group of marmoset monkeys appeared to be stressful to these monkeys and as a result, influenced their semen parameters, possibly making them less fertile. In addition, electroejaculation was found to be possibly harmful to the monkey's reproductive ability.
Introduction
There are a variety of psychological factors which may negatively affect male fertility. Many studies have revealed the influence of sexuality, personality, emotional disorders, stress, marital conflicts, occupation and psychopathology on male infertility, in which stress is considered to be one of the most influential factors (Bents, 1985) . A great deal of research in reproduction has revealed that the decrease in male and 568 female fertility over the last few decades may be due to harmful environmental influences, pollutants and stress (Feichtinger, 1991) . There have been many investigations into the emotional effects of infertility and in-vitro fertilization (TVF) treatment in humans (Harrison et al, 1987; Pellicer and Ruiz, 1989; Kentenich et al, 1992) . Comparison of semen parameters in individuals before FVF treatment with those measurements obtained from samples to be used in the actual FVF attempt itself revealed that sperm concentration, total sperm count, sperm morphology and both quantitative and qualitative sperm motility were significantly decreased in the second sample. Samples from individuals exposed to stress were also compared with those from normal control groups, and they revealed a negative correlation between stress and the semen parameters of volume and percentage of normal morphology (Giblin et al., 1988) . It has been reported that the body responds to stress by releasing 'stress hormones' (Schenker et al., 1992) . The relationship between patterns of stress coping and endocrine parameters of male fertility has been investigated by Hellhammer et al. (1985) . These data suggest that in infertile men biological and psychological variables are not independent of each other.
Animal experiments have also been used to help determine the relationship between stress and particular aspects of reproduction in the male. Studies on the effects of stress on non-human primates appear to be those most directly applicable to human males (McGrady, 1984) . Non-human primates subjected to immobilization stress have been found to suffer spermatogenic arrest (Cockett et al, 1970) . The common marmoset monkey (Callithrix jacchus) has become a highly useful non-human primate model, due to its high fecundity, ease of handling and economy (Hearn, 1987) . This valuable primate model has been used for investigating the endocrinology of follicular growth, control of granulosa cell steroidogenesis, riming of ovulation, control of corpus luteum lifespan, implantation, the endocrinology of early gestation, and in-vivo and in-vitro fertilization (Lopata et al., 1988) . Ultrastructural assessment of testicular maturity Jackson and Edmunds, 1984) and epididymal maturation of the spermatozoon in the common marmoset has also been reported.
We have previously reported the examination of the seminal characteristics of the monkeys used in this study, but as a single group to provide baseline data for future studies of the reproductive biology of this species (Cui et al., 1991) . We have now separated this group of marmoset monkeys into the 'normal' and 'blood withdrawn' groups to investigate retrospectively whether the differences in the living conditions of these two groups have any effect on their reproductive ability. This comparison will be useful, not only as an aid in recognizing the effect of stress on male reproductive ability, but also for further studies of FVF in the common marmoset
Materials and methods

Animals
A total of 16 adult male marmoset monkeys, mean age 5 years, were investigated. The animals were exposed to fluorescent lighting on a 12 h light 12 h dark cycle and the ambient temperature was maintained at 26 ± 2°C. Nine of these animals belonged to the control ('normal') group and were housed with female marmosets (1:1) in cages measuring 1.8X 1.8X 1.2 m. These monkeys were left undisturbed for 2 years prior to this study. Seven marmosets comprised the 'blood withdrawn* group. These monkeys were socially isolated (i.e. housed separately, without female marmosets) in cages measuring 0.55X0.55X0.45 m. Blood (0.5 ml) was withdrawn from these monkeys each week for 2 years for other experimental purposes. No change was seen in the body weight or haematocrit values of this group of monkeys over the 2 years of this study as their diet consisting of monkey chow, fresh fruit and vegetables, boiled eggs and bread supplemented with multivitamins and water supplied ad libitum, contained plenty of iron and nutrition, and the volume of blood withdrawn each week was minimal.
Semen analysis
Semen was collected by electroejaculation using a small bipolar rectal probe (supplied by the Institute of Zoology, London, UK) once the animals were anaesthetized with 0.6 ml i.m. Saffan (Pitman-Moore Ltd., North Ryde, Australia). A 3 s stimulus (up to 5 volts) was used repeatedly with 4 s rest intervals. Three emissions of semen were collected (with a volumetric pipette) at each electroejaculation in order to provide consistent conditions for analysis. Electroejaculation was performed each week for 5 consecutive weeks on both groups of monkeys. Episodes of failure of erection and/or ejaculation were noted As a follow-up study, nine of the marmosets were retested for successful ejaculation.
Following measurement of seminal pH (pH paper from Merck, Darmstadt, West Germany) and seminal volume by volumetric pipette, semen samples were aspirated into 0.5 ml a-modified minimum essential medium (MEM) under sterile conditions. This medium was supplemented with 100 mg/1 penicillin G, 25 mM NaHCO 3 and 5 mg/ml human serum albumin (HSA) (all obtained from Sigma, USA) and was adjusted to 280 mOsmol/kg and pH 7.4 after equilibration with 5% CO2 overnight Semen was mixed well with gentle pipetting, and sperm concentration and motility measurements of all samples were made using a conventional light microscope. Mean sperm velocity (um/s) was measured under the light microscope using a microcomputer with a graphics tablet Sperm velocity was then separated into five grades: grade 1, ^ 30 jim/s; grade 2, 31-55 |im/s; grade 3, 56-70 um/s; grade 4, 71-90 pn/s; and grade 5, 3= 91 ujn/s. Dry slides of spermatozoa were stained using the simplified Papanicolaou stain method (World Health Organization, 1980) . Morphology estimates were made on 200 spermatozoa per sample. Normal spermatozoa were characterized by an oval-shaped head, intact neck and absence of tail defects. Tail defects were recognized as eitheT the presence of duplicate tails or abnormalities in tail linearity.
Statistical analysis
Means and SD are reported for all semen parameters. All variables were examined for the normality of within-individual distributions.
Student's /-test was used for variables with a normal distribution and the Mann-Whitney test was applied to non-normally distributed data.
Results
A total of 90 electroejaculations were performed on 16 marmoset monkeys for semen analysis, with each monkey being subject to this procedure on five occasions. Impotence was observed on three occasions, each time in those monkeys of the 'blood withdrawn' group.
Semen pH values ranged from 7.0-8.0 for all 16 of the monkeys on five occasions (n = 47; pH 7.0: 2, pH 7.2: 3, pH 7.4: 16, pH 7.6: 21, pH 7.8: 3 and pH 8.0: 2), averaging 7.51 ± 0.22 (SD). No significant difference was found between the 'normal' and the 'blood withdrawn' group. Semen volume, sperm concentration, motility, grade of velocity and percentage of morphologically normal spermatozoa were calculated from 43 specimens of the nine common marmosets in the control group (Table I) . These control values were 40.2 ± 27.2 |xl (range 8-170 (il); 27.3 ± 14.8X10 4 spermatozoa/nl (range 2.2-71 X10 4 spermatozoa/^1); 47.4 ± 15.9% (range 10-73); 3.5 ± 1.2 (range 1-5) and 51.8 ± 13.7% (range 24-75.5) respectively. Table I also shows the semen features of the 'blood withdrawn' group from 32 specimens of seven common marmosets. In this group a significantly smaller semen volume than the 'normal' group was observed (P < 0.05), along with a highly significant difference in concentration of semen between the two groups (P < 0.001), where concentration was greatly reduced in the 'blood withdrawn' group. However, no significant differences were seen in sperm motility, grade of velocity and percentage of normal morphological forms between the control and the 'blood withdrawn' groups of common marmosets. Also, there was no significant difference in the sperm parameters from the first to the fifth semen samples of each monkey in both groups. Table II shows the total number of spermatozoa, the total number of motile spermatozoa, the total number of morphologically normal spermatozoa, and the total number of normal motile spermatozoa per ejaculate per monkey for both the 'normal' group and the 'blood withdrawn' group. All these parameters were significantly reduced in the 'blood withdrawn' group (P < 0.001). The averages of these total numbers in the control group were approximately triple those in the 'blood withdrawn' group.
Detailed morphological analyses were performed on spermatozoa in both groups of marmoset monkeys (Table III) . In common marmosets, normal dominant sperm heads are ovalshaped (Cui et al, 1991) , as in humans. Three main kinds of head defects were found in our sperm samples: abnormal shape, small head and large head (Cui et al., 1991) . There were significantly more abnormally-shaped heads in the 'blood withdrawn' group than in the 'normal' group (P < 0.05). Sperm tail defects were classified as neck defects, hairpin spermatozoa, doughnut spermatozoa, looped tails, club tails, kinked tails, double tails and other tail defects (Cui et al, 1991) , most of which were eroded midpiece spermatozoa. There was no significant difference found between the 'normal' and 'blood withdrawn' group samples for each of these defects, (5) 34 (5) 388 (4) 391 (5) 399 (5) 405 (4) 407 (5) 11 (5) 14 (5) 18 (4) 22 (5) 24 (5) 27 (4) 28 (4) "Some spermatozoa contained both head and tail defects, and diese were counted separately. V < 0.05, compared with the normal group.
although in both groups there was a much higher percentage of tail defects than head defects. The follow-up electroejaculation results of selected monkeys are shown in Table IV , and are compared with the first five electroejaculation attempts. They revealed a higher incidence of impotence and sham ejaculation (semen without spermatozoa) in the follow-up experiments than in the five earlier attempts.
Discussion
Although successful IVF has been reported in the marmoset, no systematic analysis of the semen values has been made. This study analysed semen data from 'normal' and 'blood withdrawn' common marmoset monkeys. The electroejaculation techniques using the rectal probe as described were effective in obtaining ejaculate from these housed monkeys. Marmoset monkeys are small and easily handled, but the small •Percentage of successful electroejaculation with semen and spermatozoa. "Animals from 'normal' group. The rest were from the 'blood withdrawn' group.
amount of semen in each ejaculate makes clean and effective collection difficult. Using a pipette to collect the semen helped in solving this problem. The specimens were then put immediately into medium, so osmolarity could not be analysed.
The semen pH values were distributed narrowly between 7.0-8.0, which is similar to that for humans (pH 7.2-8.0) (World Health Organization, 1992), and averaged pH 7.5, suggesting that media at pH 7.4 would be suitable for optimal survival of marmoset spermatozoa. In this study, one group of male marmoset monkeys was comfortably housed, the other was housed individually in smaller cages and subjected to withdrawal of blood each week for 2 years for circadian studies. Each time blood was withdrawn from animals in the latter group, they appeared very distressed. They jumped around their cages in an attempt to avoid capture, biting and struggling vigorously once caught and while blood was being withdrawn. Throughout the ordeal the monkeys' eyes were full of tears and they were crying loudly. Because of these observations we feel that the monkeys were exposed to significant stress and a comparison made between this group and the comfortably housed group would be of interest in the effects of stress on the semen parameters measured. The present data show that the 2 year period of stress elicited abnormalities of sperm and semen quantity and quality.
The disturbance of sexual functions influenced by stress has been reported by others as impotence, sham ejaculation, retrograde ejaculation and oligozoospermia (Palti, 1969) . Retrograde ejaculation was difficult to observe in our study, but three cases of impotence in the 'blood withdrawn', or 'stressed', group of marmoset monkeys were recorded in our studies. The 'normal' group showed none of these irregularities. The normal semen concentration was 27.3 ± H.SXIO 4 /^ (or 273X10 6 /ml), which is similar to that of the nonnal semen concentration in humans (not less than 20X10 6 /ml) (World Health Organization, 1992) . The semen volume and concentration from the 'blood withdrawn' group was significantly lower than in the 'normal' group. These results agree with those documented in human studies on the effect of stress on sperm parameters (Harrison et al, 1987; Giblin et al, 1988; Pellicer and Ruiz, 1989; Kentenich et al, 1992) . Unlike these reports, however, sperm motility and the grade of sperm velocity were not significantly lower in the 'blood withdrawn' marmoset monkeys. Sperm motility from the 'normal' group of marmoset monkeys (47.4 ± 15.9%) was similar to that in humans (not less than 50%) (World Health Organization, 1992) . The velocity of spermatozoa from the 'normal' group of marmoset monkeys was 60-70 (im/s (grade 3.5 ± 1.2), which is approximately double that of human spermatozoa (31.6 ± 6.0 nm/s) as reported by Makler et al. (1979) . The maximum velocity of marmoset spermatozoa is 160 \imls, which again is double the corresponding value of human spermatozoa (80 nm/s; Makler, 1978) . This significantly higher speed of marmoset spermatozoa is possibly suited to the proportionally longer (compared to human) vagina of the marmoset monkey, and its specific division into two parts (Cui and Matthews, 1994) . In common marmosets, nonnal dominant sperm heads are oval-shaped, as in humans. The percentage of normal morphology of both the 'normal' and 'blood withdrawn' groups of monkey spermatozoa did not differ. However, the amount of abnormally shaped heads was significantly higher in the 'blood withdrawn' group. The classic 'stress' forms of sperm heads (tapering, amorphous and immature) in human spermatozoa were described by MacLeod (1970) , although the tapering and immature forms were not found in our studies. About half the spermatozoa in both the 'normal' and 'blood withdrawn' groups of marmoset monkeys were abnormal in morphology (most of these with tail defects), which may relate to the high incidence of parasites in marmoset semen, perhaps a result of their sexual life. Up to three kinds of parasite were present in one semen sample. Although no attempt had been made to eliminate these parasites, there was no suspicion that they had affected the genital tract function, semen quantity or fertility of the monkeys. For example, monkey no. 2 (age 12 years) had mated and fathered 45 babies from 19 pregnancies within 8 years. The total number of spermatozoa, motile spermatozoa, nonnal spermatozoa, and the total number of normal motile spermatozoa per ejaculate in the 'blood withdrawn' monkeys were all significantly lower (about one third) than in the 'normal' group. All these result from the significantly reduced values for semen volume and concentration in 'blood withdrawn' monkeys. Of these four parameters, the total number of normal motile spermatozoa per ejaculate is the most relevant to normal fertilization. Thus, 3.2 ± 2.9X10 6 normal motile spermatozoa per ejaculate in the control group were sufficient for fertilization in a marmoset IVF project.
The explanation for the lower semen ejaculate volume, the lower sperm concentration and the higher frequency of sperm head abnormalities derived from the 'blood withdrawn' monkeys is not clear. No change was observed in the body weight of these monkeys as their diet was healthy over the 2 years of this study. In addition, there was no change in their haematocrit values, indicating that the withdrawal of minimal amounts of blood each week did not affect the health of these monkeys. Thus, malnutrition and the regular loss of small amounts of blood can be ruled out as factors influencing the observed changes in semen parameters. Furthermore, in our animal house, there was a monkey which had been isolated for > 2 years and which still provided excellent semen parameters. Thus, it seems that we may also eliminate the lack of sexual activity in the isolated 'blood withdrawn' monkeys as affecting the semen parameters. Research into the influence of abstinence on semen parameters in healthy human males with normal semen analyses has shown that the percentage of spermatozoa that are progressively motile and morphologically normal does not change significantly with ejaculation frequency (Tyler et al, 1982; Sauer et al, 1988; Cooper et al, 1993) . In fact, Sauer et al (1988) saw an increase in semen volume and sperm concentration with increasing abstinence.
The influence of the visibly-stressful withdrawal of blood over a period of 2 years, cannot be ruled out as a possible cause of the semen differences observed. These 'blood withdrawn' monkeys were also socially isolated in smaller cages than the control marmosets, and without the company of a female. This, on top of blood withdrawal, may have been an additional stress factor influencing the semen parameters of these monkeys. However, it seems that the withdrawal of blood is the major cause of stress. O'Byme et al. (1988) investigated the effects of stress from blood withdrawal on the patterns of luteinzing hormone (LH) secretion in female marmoset monkeys. Their data showed that acute stress results in a profound suppression of LH release in marmosets. Reduced testosterone concentrations were also observed in our 'blood withdrawn' marmoset group (M.Guerin et al., unpublished observation) . Stress has also been shown to decrease LH and testosterone concentrations significantly in the female marmoset and male rhesus monkey (Gilbeau and Smith, 1985; O'Byrne et al, 1988; Norman and Smith, 1992) via a pathway involving endogenous opioid peptides. Follow-up studies (O'Byrne et al, 1989) in the female marmoset showed that administration of the opioid receptor antagonist, naloxone, immediately before and after stressful aggressive confrontations completely prevented the stress-induced reduction in LH secretion described above. Studies of restraint stress in the rhesus monkey implicate the endogenous opioid system in the male primate by mediating inhibition of plasma LH and testosterone secretion (Norman and Smith, 1992) . Restraint stress resulted in a decrease in plasma LH and testosterone concentrations which was also reversed by administration of naloxone, blocking the inhibitory effects of stress on the plasma concentrations of these hormones. Thus, the stressinduced suppression of LH and testosterone secretion appears to be modulated by the endogenous opioid system, whose effects on these hormone concentrations, and possibly on fertility, can be reversed by treatment with naloxone in these primate species (Gilbeau and Smith, 1985) . Naloxone has also been shown to increase basal LH concentrations in the human male (Delitala et al, 1981) .
The reduced secretion of these hormones is believed to have been responsible for the subsequent disruption in spermatogenesis in these monkeys, resulting in conditions such as azoospermia and oligozoospermia. Earlier work in the male marmoset monkey (Hodges and Heam, 1977) used gonadotrophin-releasing hormone (GnRH) antibodies to inhibit LH and follicle stimulating hormone (FSH) release. This resulted in a significant reduction in plasma testosterone concentrations, and histological sections showed that spermatogenesis was severely impaired. In the human male, administration of a GnRH agonist resulted in a consistent and reversible inhibition of testicular steroidogenesis and spermatogenesis, possibly due to a significant drop seen in serum LH and FSH and plasma testosterone concentrations (Linde et al, 1981) .
A variety of psychological factors negatively affect male fertility, of which stress is one of the most influential (Bents, 1985) . In the male, the semen collected for use in artificial fertilization attempts shows a reduction in a number of semen parameters so that the spermatozoa are of poorer quality than in the sample presented for routine analysis prior to IVF, sometimes to the extent that there are no spermatozoa and the only option is to use a donor specimen. This difference between the two samples has been attributed to die emotional stress which has been shown to be associated with infertility and the IVF treatment process (Mahlstedt et al, 1987; Kedem et al, 1990; Glover et al, 1994) . It is clear that the hypothalamicpituitary-adrenal axis is the principal effector of the generalized stress response and crucial for maintaining basal and stressrelated homeostasis. This axis will interact with other components of the stress system (locus ceruleus/norepinephrinesympathetic systems), as well as with other axes responsible for reproduction, growth and immunity (Tsigos and Chrousos, 1994) . Other studies have shown mat under conditions of repeated stress, the previous stress will attenuate the neuron activation (in the locus ceruleus and hypothalamus) produced by the secondary stress (Curtis et al, 1995; Shibasaki et al, 1995) . Thus the responses to the secondary (acute) stress in infertile people who have undergone chronic stress will usually be blunt (Lindheim et al, 1995) . The fact that naloxone can reverse the stress-induced reduction of LH and testosterone concentrations in primates and can increase the rate and amplitude of LH pulsatility in the human male may be significant for treatment of stress from IVF, to ensure optimal semen parameters and hence probably increase the success rate of IVF.
This study revealed the importance of screening the semen of male animals to determine those who would be good donors for FVF. From our studies we saw that some of the 'blood withdrawn', or 'stressed', male marmoset monkeys could also supply enough normal spermatozoa with satisfactory motility for IVF. A relationship between stress and semen parameters was discussed, along with its possible implications for human IVF. The follow-up electroejaculation analysis revealed more cases of sham ejaculation and impotence in the latter attempts than in the former five. This implies that electroejaculation may have some harmful effect on the marmoset monkeys, perhaps due to tissue damage or further psychological stress.
